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INTRODUCTION
Visceral leishmaniasis (VL), which is endemic throughout Brazil, can be lethal if not treated quickly because it is systemic in nature. In addition to its persistence, a progressive spreading of the disease to new areas has been observed, and the associated lethality has increased in various regions of the country [1] [2] [3] . In 1994, the incidence of lethality was 3.4%; in 2003, the lethality reached 8.5%; and in 2009, the lethality was 5.8% 3, 4 . The occurrence of death from VL is associated with several factors, including young age and the presence of comorbidities such as infections, malnutrition, and AIDS. The following features have been cited as markers of poor prognosis: fever lasting for more than 60 days, bacterial infection, jaundice, dyspnea, hemorrhage, severe anemia, severe neutropenia, and thrombocytopenia [3] [4] [5] [6] [7] [8] [9] [10] [11] . In addition, diffi culties in early diagnosis and appropriate treatment administration in many endemic areas are other determining factors of lethality; these issues are mainly caused by restricted access to health services 4 .
Much knowledge has been gained on the immunopathogenesis of VL. As the parasites multiply within splenic, liver, and bone marrow macrophages, the pathogens induce strong activation of the patient's mononuclear phagocyte system. High interferongamma (IFN-γ) and tumor necrosis factor alpha (TNF-α) levels are then detected, and these cytokines may control parasite proliferation during the early stages. However, despite a highly activated immune system, patients exhibit Leishmania antigenspecifi c immunosuppression 12 . Additionally, interleukin 10 (IL-10) and TGF-β activity in splenic and liver macrophages induces parasite proliferation; therefore, these cytokines can be characterized as immune response regulators [13] [14] [15] [16] [17] [18] . It has been suggested that the main risk factors for death in VL are related to the fact that such high systemic pro-infl ammatory cytokine production greatly compromises organs and systems 10 .
Although significant advances have been made in the understanding of different aspects of VL, effective disease control has not yet been achieved due to its clinical and
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epidemiological complexity; in fact, lethality has increased in several regions of the country 2 . In 2011, when faced with the serious situation of increasing VL lethality, the Ministry of Health (Brazil) initiated a therapeutic clinical protocol to identify and follow patients who were at greater risk of progression to severe VL or who already displayed signs of severity. This protocol will undoubtedly facilitate the appropriate follow-up of cases and a gradual reduction in lethality 3 .
The current study aimed to investigate the relationship between clinical manifestations, and particularly signs of severity, as defi ned in the protocol drafted by the Ministry of Health (Brazil), and IL-2, IFN-γ, and IL-10 profi les in peripheral blood from pediatric patients who were observed at the Infectious and Parasitic Diseases Reference Center in the State of Maranhão. This study contributes to the understanding of the immunological factors associated with disease severity, with the intent of reducing mortality.
A prospective, descriptive study was conducted between May 2008 and December 2009. This study was based on the assessment of all pediatric patients with VL from several municipalities of Maranhão who were treated in the outpatient and inpatient centers at the University Hospital of the Federal University of Maranhão.
The Maternal Child Hospital of the Federal University of Maranhão is a tertiary reference hospital for the entire state that has a center that specializes in the care of patients with infectious and parasitic diseases. Numerous areas in the state of Maranhão exhibit endemic and epidemic VL patterns, particularly in the peripheral urban areas of municipalities, such as São Luis, Paço do Lumiar, São José de Ribamar, Caxias, Raposa, and Imperatriz. In these areas, there are massive infestations with Lutzomyia longipalpis in and around homes and a growing incidence of human and canine VL cases.
The inclusion criteria were as follows: children between 0 and 13 years of age who were observed in the Department of Infectious and Parasitic Diseases of the Maternal Child Hospital of the Federal University of Maranhão (HUMI-UFMA) and who had a confi rmed (detection of Leishmania in bone marrow aspirate) or suspected VL (epidemiological, clinical, and nonspecifi c laboratory fi ndings and serological results suggestive of VL) diagnosis 3, 4 , active disease, cytokine assay results from at least one stage during follow-up (before or during treatment), and an informed consent form signed by a parent/guardian.
In total, 27 patients were included in the study, and only three had a suspected VL diagnosis. Information regarding the patients' personal data, clinical manifestations, laboratory abnormalities, previous treatments (specifi c or nonspecifi c), and cytokine profi les were recorded on fi le. Following the characterization of their clinical and epidemiological VL profi les, the patients underwent bone marrow punctures for Leishmania detection (bone marrow examination). Additionally, serological diagnoses (qualitative enzyme-linked immunosorbent assay -ELISA) and nonspecifi c tests were performed, and peripheral blood cytokine levels (IL-2, IFN-γ, and IL-10) were measured with a Quantikine Immunoassay ELISA kits (R&D Systems, Minneapolis, MN, USA).
The determination of cytokine levels in the sera of VL patients (n=27) and controls (n=10) was conducted using a quantitative sandwich ELISA technique (R&D Systems, Minneapolis, MN, USA) for human IL-2 (Catalog Number D2050), human IFN-γ (Catalog Number DIF50), and human IL-10 (Catalog Number D1000B) according to the manufacturer's instructions.
The data were recorded and analyzed with the statistical software Epi Info, version 2000 (Centers for Disease Control; available at http://wwwn.cdc.gov/epiinfo/). A descriptive data analysis was performed, and clinical manifestations and laboratory abnormalities were classifi ed into the following categories, as defi ned by the protocol drafted by the Ministry of Health 3,4 : I) Children with signs of severity. This category includes patients younger than 6 months of age and those with comorbidities or one of the following clinical manifestations: jaundice, hemorrhage (except for epistaxis), generalized edema, and signs of toxemia (lethargy, poor perfusion, cyanosis, tachycardia, or bradycardia; hypoventilation or hyperventilation; and hemodynamic instability); II) Children with warning signs (indicators of potential severity). This category includes patients aged 6 months to 1 year and those with relapse, diarrhea, vomiting, suspected bacterial infection, or fever for more than 60 days. First, data on the clinical manifestations and abnormal laboratory values that facilitated the classifi cation of the 27 children into the group with signs of severity and the group with warning signs were examined. Notably, 55.5% of the cases presented with more than one sign of severity or warning sign (Table 1) .
Ethical considerations
Four children were younger than 6 months of age, and three children were aged between 6 months and 1 year; the ages of the remaining children ranged from 1-8 years. The clinical manifestations and laboratory abnormalities that defi ned the signs of severity and warning signs are described in Table 2 . Notably, fever was characterized by daily intermittent episodes, which were moderate in most (74.1%) cases; fever for more than 60 days was reported in only one case. Splenomegaly was severe in more than 80% of the children, and hepatomegaly was moderate in 77.8% of the cases. Notably, 63% of the patients were diagnosed with bacterial infections based on the clinical and laboratory signs of infection. The cytokine analysis showed that only two (7.4%) patients had detectable IL-2 levels (mean, 15.33pg/mL); one of these patients had more than two signs of severity. Eleven (40.7%) patients had detectable IFN-γ levels before starting treatment (mean, 77.31pg/mL; range, 12.62-244.6pg/mL). Additionally, most (70.4%) patients had detectable IL-10 levels (mean, 91.87pg/mL; range, 9.9-394.2pg/mL). Table 3 shows the relationship between the presence of signs of severity or warning signs and detectable cytokine serum levels before treatment administration. Patients without signs of severity or warning signs and those with only one warning sign exhibited the highest levels of IFN-γ, although their IL-10 levels were also elevated. In contrast, patients with signs of severity had the lowest IFN-γ levels.
DISCUSSION
Three patients with more than two signs of severity died. The cytokine profiles of these patients were as follows: undetectable levels of IL-2 and IFN-γ and low levels of IL-10 (mean, 11.46pg/mL; range, 9.9-12.5pg/mL).
The diagnosis and treatment protocols for severe cases of VL, as proposed by the Brazilian Ministry of Health in 2006, are expected to help to reduce VL lethality, In particular, the defi nition of severity and warning criteria provides health professionals with guidelines regarding the appropriate actions to be taken 3, 4 . The results of the present study show that the management of patients who are admitted to the HUMI-UFMA at the Federal University of Maranhão, which is an important secondary and tertiary reference center for VL across the entire State of Maranhão, is complex.
VL patients' clinical manifestations and laboratory abnormalities permit the diagnosis of the most severe cases and cases at greater risk of disease progression 8, 17, 18 . Our clinical and laboratory fi ndings agree with those reported by previous studies, as a combination of fever, hepatosplenomegaly, anemia, and leukopenia was frequently observed and led to the suspicion of VL in such cases, particularly in children 19 .
Many studies have demonstrated multiple causes of death and have identifi ed clinical risk factors as important predictive markers 9, 10, 20, 21 . The host immunological response to the parasite is certainly a major clinical determinant in VL 10, 22 .
The activation of CD4+ T cells and the differentiation of these cells into Th1 or Th2 effector cells are crucial to the development of resistance or susceptibility to Leishmania infection 23 . However, studies have shown that there is no dichotomy in the production of cytokines in VL, but rather a predominance of elevated levels of a pool of cytokines 17, 18, 24, 25 .
To the best of our knowledge, no previous study has examined the association between clinical features, particularly , and cytokine profi les in active VL. In the present study, patients without signs of severity and those with only one warning sign had high IFN-γ levels and elevated IL-10 levels. This fi nding suggests that an immune balance is sought to achieve control over active disease. This hypothesis is reinforced by the observation that patients with signs of severity exhibited lower IFN-γ levels.
IFN-γ involvement is key to the host defense mechanism against VL. IFN-γ activates macrophages, leading to inducible nitric oxide synthase activation and concomitant nitric oxide production, which promotes parasite death 26, 27 . Recently, the pro-infl ammatory cytokine IL-17 was also reported to have a protective role in L. donovani-induced VL 28 and in experimental L. (L.) chagasi infections by acting synergistically with IFN-γ to eliminate the parasite 29 .
Studies conducted in an endemic area in northeastern Brazil on L. (L.) chagasi-infected individuals without active disease characterized the immune response to Leishmania antigens during early stage infection 30 . Early immune changes were observed during infection, and an association was noted among absent or low lymphocyte proliferation, low IFN-γ production, and progression from infection to disease 31, 32 . These changes were associated with IL-10 production because the in vitro addition of anti-IL-10 reversed the changes [31] [32] [33] . These studies contributed to the identifi cation of IL-10 as an important mediator of the immunological changes observed in VL, as IL-10 could also block the in vitro effects of IL-12, a cytokine that plays a central role in Th1 effector cell differentiation 34 .
More recent findings indicated a close relationship among IL-10 production, host susceptibility, and VL exacerbation [35] [36] [37] . Additionally, IL-10 is considered to be an immunoregulatory cytokine because it has a negative effect on lymphocyte proliferation 33, 37 . Regulatory T (Treg) cells are well-characterized cells that act as an important source of such suppressor cytokines. In particular, Treg cells mediate the suppression of innate and acquired immune cells by secreting IL-10 and TGF-β and by cell-cell contact 38, 39 . Given that Treg cells are a primary source of IL-10, these cells may also be involved in the pathogenesis of active VL.
Elevated IL-10 levels that are not balanced by equally elevated levels of IFN-γ could explain the occurrence of the most severe VL cases observed in our study.
Our results show that regardless of disease severity, IL-10 was present in patient sera, although low levels of IFN-γ were associated with VL severity in children. Further studies with larger samples are needed to better characterize the relationship between VL severity and cytokine levels and to clarify the immunopathogenesis of the clinical manifestations and laboratory abnormalities, with the aim of identifying immunological markers of active-disease severity.
